INTRODUCTION
The rural areas of the coastal province KwaZulu-Natal ( Fig. 1) are generally characterised by small-scale, extensive farming of multiple species, which often include cattle, chickens, goats, pigs and donkeys. Dogs are also commonly found in the rural areas. Information on the prevalence of infectious diseases of importance with regard to their zoonotic potential and impact on production parameters is often not available or of very poor quality. To improve this knowledge and consequently increase the ability to prioritise diseases in need of control, the Veterinary Services of KwaZulu-Natal initiated a large-scale serological survey between 2001 and 2003 that included leptospirosis amongst other diseases.
Leptospirosis is a worldwide zoonotic infection caused by spirochaetes, occurring in domestic and wild mammals, but the agents have also been isolated from other vertebrates such as birds and amphibians 1 . Clinical presentation following acute infection can range from transient febrile episodes to life-threatening acute haemolytic disease. Where a maintenance host of a serovar is involved, acute infections may be mild and can result in the establishment of chronic infections, which may result in intermittent, sometimes lifelong, shedding of leptospires in the urine and from the genital tract 25 . Production losses in cattle as a result of leptospirosis occur mainly as a result of decreased reproductive performance and decreased milk production. The disease is known to occur in South Africa, especially in the coastal high rainfall areas such as KwaZulu-Natal, and while several serovars (Leptospira interrogans serovars pomona, mini, canicola and hardjo) have been isolated from cattle 14,23,24,30 , it appears that serovar hardjo is the most important cause of bovine leptospirosis in South Africa 16 . In the southern African context the occurrence of the disease does not appear to be significantly different between commercial and communal farms 12 . As a zoonosis the risk of Leptospira infection in humans is closely related to humans coming into contact with tissues or urine from infected animals. Contact with mud or water contaminated with animal excreta constitutes an important route of infection, the risk of which is increased in the presence of skin lesions or abrasions 18 . The most frequent clinical sign of leptospirosis in humans is a self-limiting systemic illness, although in a smaller percentage of cases infection can lead to severe multi-systemic disease 19 . Since most human cases present with flu-like symptoms, the disease is often misdiagnosed or ignored. 18 It has been suggested that outbreaks of the disease are likely to go unnoticed in rural settings 12 .
MATERIALS AND METHODS
Serological samples were taken from March 2001 until December 2003. At the time of the survey the province of KwaZulu-Natal was divided into 52 magisterial districts according to the existing political boundaries. This division has been applied to the design of the survey and required sample sizes were calculated on a district basis. Since rural communities are not present in all districts, only 33 districts were included. The sample sizes and strategy were developed in consultation with a statistician. Diptanks were the primary sampling point and approximately 60 cattle were sampled in each district at between 4 and 26 diptanks, depending on the number of diptanks present in the district. The number of diptanks and the number of animals sampled in each district are given in Fig. 2 .
Diptanks were selected at random by drawing numbers from a hat. The sampling design intended animals to also be selected on a random basis provided their owners approved of the collection of samples, which most (>80 %) did. Samples were only taken from fully-grown animals with no stratification according to age or sex. Animal health technicians bled the cattle according to standard procedures from the jugular vein into serum tubes and the samples were sent to the Onderstepoort Veterinary Institute for testing with the microscopic agglutination test (MAT).
Once all samples had been tested, the results were entered into a spreadsheet (Excel 97, Microsoft Corporation, USA) 20 . Results at diptank level were linked to a database on the geographic location of diptanks, which was collated by the State Veterinary Services in KwaZulu-Natal. For the creation of diptank maps, only diptanks recorded in the results tables that could be matched with certainty in the GIS database were used. All maps were created in ArcView 3.3 2 . For districts where serological reactions were found, the apparent prevalence was adjusted for diagnostic test sensitivity and specificity according to Rogan and Gladen 28 . To account for the clustering effect of sampling at diptanks the 95 % confidence intervals around the mean true prevalence were adjusted according to Thrusfield 31 . To allow for uncertainty about the test sensitivities, these were entered as a probability distribution. The sensitivity and specificity were entered as a uniform distribution (Uniform 0.9, 0.98) 3,6 and the above described parameters were obtained through the outputs of a simulation with 10000 iterations, using the mean for the true prevalence and the relevant confidence intervals for the 95 % confidence interval of the prevalence.
For districts where no serological reactions were found, calculations were carried out using the program Survey Toolbox 5 to evaluate how certain one can be about the absence of the disease. The software allows for integration of test sensitivity and specificity, and uses a hypergeometric distribution function for assessing freedom from disease. These calculations were done assuming a minimum leptospirosis prevalence of 1 % and a Type I and II error of 5 %.
RESULTS
The mean provincial prevalence of leptospirosis in communal cattle of KZN was found to be 19.4 % (lower 95 % confidence limit (LCL) = 14.8; upper 95 % confidence limit (UCL) = 24.1 %). At district level the mean prevalence varied from 0 to 61.8 %. Fig. 3 displays the mean prevalence and the UCL of bovine leptospirosis for each district surveyed.
Bovine leptospirosis was found in all districts surveyed with the possible exception of Babanango and Dannhauser (indicated in Fig. 3 by 'NR'). The results that these 2 districts were free of disease were inconclusive (P = 0.014) at the 99 % confidence level due to the relatively small sample size (60 and 50 cattle respectively). The southeastern regions showed a higher prevalence than other areas of the province, while in some of the northern and western districts a lower prevalence was noted. The mean adjusted prevalence for each dip tank surveyed is displayed in Fig. 4 . Several serovars were detected by the MAT and although serovar pomona occurred most frequently, serovars tarrasovi, bratislava, hardjo, canicola and icterohaemorrhagica were also frequently identified. The proportions of detected serovars are displayed in Fig. 5 .
DISCUSSION
This survey is the first large-scale serological study of leptospirosis in cattle in the rural areas of South Africa. Figs 3 and 4 illustrate that the disease occurs throughout the province, although it was not detected at all diptanks. The northeastern region appears to be less affected and 2 districts (Dannhauser and Babanango) may be free of the disease.
The true prevalence of leptospirosis in this survey needs to be interpreted with care, as a high uncertainty exists around the mean, and the confidence intervals are very large (up to 67 %). This is mainly an effect of the number of cattle sampled at each dip tank (around 5-10 animals). The sample size of 10 animals at the diptanks is an indicator of the presence or absence of the disease in the herd rather than an estimate of the underlying prevalence 13 . This is because antibody levels decline fast and remain above the diagnostic threshold only for a limited time, 13 so the prevalence may be underestimated. However, a sample size of 5 or 10 animals allows the minimum prevalence of the disease to be 20 or 10 %, respectively, at diptank level and this gives the impression on a map that the prevalence is higher than it actually may be. Additional widening of the confidence intervals was caused by uncertainty about the sensitivity of the MAT.
Another confounding factor in the serological interpretation of survey results can be vaccination against leptospirosis 15,29 , but this is thought to have played a minimal or no role in this survey, as vaccination is not usually practised for this disease in the communal areas.
The widespread presence of the infection reflects the results of other studies that found leptospirosis in cattle, pigs and game in South Africa 8,16,22,27 and the overall prevalence of 19.4 % agrees with that of rural areas in Zimbabwe 12 . The highest density of affected diptanks occurs in the southeastern region of the province, while the northeastern region appears to be less affected by the disease. Considering that Leptospira spp. are excreted in the urine and can survive especially well under moist conditions (up to 94 days in river water) 9,17,26 and that exposure to contaminated water sources as well as inadequate husbandry 1 are important risk factors, conditions for the occurrence of leptospirosis are very favourable in rural communities in KZN, especially in the southeastern part of the province where high humidity and mist combined with high rainfall prevail. The favourable conditions in the southeast of the province are enhanced by the frequent practice by local commercial farmers of irrigating pastures with slurry and the predominance of mixed farming units, many of which include pigs. In contrast, few pigs are kept in the northern region, where mainly beef and game farming under extensive conditions is practised.
The main serovar identified in cattle in this survey was pomona (22 %), but a wide variety of serovars was detected: (tarassovi (19 %), bratislava (15 %), canicola (13 %), hardjo (13 %), icterohaemorrhagica (12 %), szwajizak (4 %) and grippotyphosa (2 %)). Generally serovar pomona is thought to cause only sporadic infections in cattle in South Africa, while hardjo is considered the most important cause of bovine leptospirosis 24 . The second most frequently identified serovar was tarassovi which is maintained by pigs 1 but was not detected in a previous study on South African pigs 27 . However, tarassovi is also known to occur in cattle and along with with hardjo and wolffi was among the most frequent serovars in a survey on bovines carried out in Mexico 21 . It also had a high prevalence in cattle in Zimbabwe 12 .
The serovar bratislava, which was found to be the cause of 15 % of the serological reactions, has frequently been identified to be an important serovar in infections in pigs. 4, 7 This serovar is, however, maintained by many free-living species 1, 13 , and pigs 1,10 , horses 1, 11 and probably dogs 32 can serve as maintenance hosts. The serovar hardjo, which is adapted to and maintained by cattle 1 , accounted for 13 % of the serological reactions. However, the weighting of serovars should take into account that that cross-reactions between the serovars are common in the MAT test 19 . The wide variety of serovars and the widespread prevalence of leptospirosis in KZN suggest that the disease is endemic.
The involvement of many species in transmission combined with the frequent mixing of species on the communal lands, the role of carrier animals in the infection, the warm and humid climate and the husbandry practices that do not prevent contact with rodents, dogs and other animals, are likely to maintain the disease in KZN and render control of the disease complicated. To decrease the zoonotic impact, a campaign is needed to inform owners of the routes of infection and useful protective measures, such as wearing footwear, using disinfectants when in contact with animal excreta, and covering abrasions when handling animals 18 . In addition, it might be useful to heighten the awareness of health service practitioners with regard to the presence of the disease in order to reduce its misdiagnosis as other conditions with similar flu-like or jaundice-like symptoms, such as malaria. 
